The synthesis, characterization and crystal structure of the octanitro-substituted porphyrin 5,10,15,20-tetrakis(3,5-dinitrophenyl)porphyrin, H 2 T(3,5-DNP)P, are described. The solid state structure has two porphyrins in the unit cell with eight pyridine solvates and is made up from columnar arrays of the porphyrins. X-ray crystal structure data: monoclinic, space group P1 2 1 /n1, a = 14.9996 (9) 
INTRODUCTION
Syntheses of molecular synthons are of considerable interest in the design of molecular solids with desired applications [1] [2] [3] [4] [5] . Highly substituted meso-tetraarylporphyrins are an interesting class of molecular building blocks owing to their large size, extended psystem and versatility of metal ion binding. Furthermore, the peripheral phenyl rings can be used to provide three-dimensional orientations of a variety of functional groups. For example, tetraphenylporphyrins are capable of forming clathrate-like host/guest complexes [6] [7] [8] . An extensive crystallographic examination of solid state structures of porphyrins and metalloporphyrins reveals a wide range of interesting intermolecular interactions [9] . Specific design of functionalized porphyrins can lead to even more general control of crystal interactions. Notably, several supramolecular architectures of porphyrinic solids with hydrogen-bonded [10] [11] [12] or metalorganic coordination [13, 14] networks have been reported over the past few years.
Recently we have reported a series of octahydroxy tetraphenylporphyrins as building blocks for designing hydrogen-bonded supramolecular networks [11, 12] . The structural motifs of the crystal structure of these materials are dramatically controlled by the position of the substituents, size of the solvates and choice of the coordinated metal ion. Incorporation of halogen substituents (Cl or Br) at the meso-phenyl positions of the porphyrin can also produce unusual intermolecular interactions [15, 16] .
Herein we report the synthesis, characterization and X-ray crystal structure of a new type of metalloporphyrin building block, 5,10,15,20-tetrakis(3,5-dinitrophenyl)porphyrin, H 2 T(3,5-DNP)P. The solid state structure of this porphyrin is made up from columnar arrays of the porphyrins with four pyridine solvates per porphyrin.
EXPERIMENTAL

Materials
All the solvents employed in the present study were of reagent grade and were distilled before use. Dichloromethane and pyridine were distilled over CaH 2 under N 2 before use. DMSO, quinoline, 3,5-dinitrobenzyl alcohol and chromium trioxide were obtained from Aldrich and used as received. Quinolinium chlorochromate was prepared using literature procedures [17, 18] .
Synthesis of 3,5-Dinitrobenzaldehyde
This compound was synthesized in one step by the oxidation of dinitrobenzyl alcohol using quinolinium chlorochromate [17, 18] as the oxidant, as shown in Scheme 1. In a typical oxidation reaction, to a CH 2 Cl 2 (100 mL) solution containing 3,5-dinitrobenzyl alcohol (5 g, 0.025 M), quinolinium chlorochromate (10 g, 0.038 M) solid was added slowly. The mixture was then stirred and refluxed for a period of 12 h. At the end of this period the solution was filtered and the solvent was evaporated to obtain an orange solid. The residue thus obtained was redissolved in the minimum amount of CH 2 Cl 2 and chromatographed on a silica gel column using CH 2 Cl 2 as the eluent. Then the first moving band was collected and the desired 3,5-dinitrobenzaldehyde was obtained on evaporation of the solvent. The yield of the product was 3.5 g (65%). This porphyrin was synthesized using a variant of the Adler procedure [19] , as shown in Scheme 1. Freshly distilled pyrrole (1.02 g, 0.015 mol) was added to a propionic acid solution (200 mL) containing 3,5-dinitrobenzaldehyde (3.0 g, 0.015 mol). The solution was refluxed and stirred for 6 h and allowed to cool to room temperature. Then the reaction mixture was filtered and the residue was washed with methanol until the filtrate was colorless. The residue was redissolved in the minimum amount of pyridine and chromatographed on a basic alumina column using pyridine as the eluent. The first moving band was collected to obtain the porphyrin. Finally, the porphyrin was recrystallized from pyridine/CH 2 Cl 2 solvent mixture in a yield of 0.34 g (12%).
The free-base porphyrin H 2 T(3,5-DNP)P was characterized by UV-vis ( Fig. 1) , 1 H NMR (Fig. 2) , elemental analysis and mass spectroscopic techniques. UV-vis (pyridine): ! max (nm) (log(e/mol À1 L cm 
X-ray Data Collection and Refinement
The X-ray data were collected on an automated Siemens Smart-CCD diffractometer. A single crystal of the porphyrin H 2 T(3,5-DNP)P was covered with oil (Paratone-N, Exxon), mounted on a thin glass fiber and cooled to 198 K. Intensity data were collected in 3-2 mode in the range from 2.9°to 46°at 198 K.
The structure was solved by direct methods (SHELXL) [20] . The non-H atoms of the porphyrin macrocycle were obtained from the E-map. The structural analysis including one cycle of isotropic least-squares refinement by an unweighted Fourier difference synthesis revealed the positions of ordered atoms. The analysis involved full-matrix least-squares refinement on F 2 (SHELXL) and successful convergence was indicated by the maximum shift/error for the cycle [21] . Inversion symmetry was imposed on the host porphyrin molecule. Disordered pyridine solvate molecules were refined as rigid idealized groups. Thermal displacement parameters for disordered pyridine atom positions separated by less than 1.3 Å were restrained to equivalent values with an effective standard deviation of 0.01. Owing to the paucity of observed data at high angles, the resolution was limited to 0.90 Å . The space group choice was confirmed by successful convergence of the fullmatrix least-squares refinement on F 2 . The highest peaks in the final Fourier difference map were in the vicinity of the disordered pyridine solvate; the final map had no other significant features. A final analysis of variance between observed and calculated structure factors showed no dependence on amplitude or resolution. The final Fourier difference map showed residual electron density in the vicinity of the disordered pyridine solvates; the final map had no significant features.
RESULTS AND DISCUSSION
Synthesis and Characterization
For the synthesis of octanitro porphyrin, the precursor 3,5-dinitrobenzaldehyde was prepared by the facile oxidation of 3,5-dinitrobenzyl alcohol using the mild oxidizing agent quinolinium chlorochromate. H 2 T(3,5-DNP)P was synthesized in moderate yields using the Adler procedure (Scheme 1). While H 2 T(3,5-DNP)P is only very sparingly soluble in most organic solvents, it has good solubility in pyridine or triethylamine; H 2 T(3,5-DNP)P is about 20% as soluble in pyridine as H 2 TPP.
The UV-vis spectrum of H 2 T(3,5-DNP)P, shown in Fig. 1 is a typical porphyrinic normal spectrum with four visible (Q) bands and an intense Soret (B) band. For H 2 T(3,5-DNP)P the Q-bands show no significant shift, while the B-band is red-shifted by 12 nm relative to H 2 TPP in pyridine. The Q x (0,0)-and Q y (0,0)-bands of H 2 T(3,5-DNP)P are decreased in intensity relative to the Q x (1,0)-and Q y (1,0)-bands. The relative intensity pattern of the Q-bands of H 2 T(3,5-DNP)P differs from that of H 2 TPP and is similar to that of the perfluorinated porphyrin 5,10,15,20-tetrakis(2',3', 4',5',6'-pentafluorophenyl)porphyrin, H 2 (TFPP) [22] . Interestingly, H 2 T(3,5-DNP)P shows a considerable broadening of the Soret band (full width at halfmaximum, FWHM, 28 nm) relative to H 2 TPP (FWHM 13 nm). This may be due to charge transfer interactions between the porphyrin and nitro aryl groups.
The 1 H NMR spectrum of H 2 T(3,5-DNP)P is shown in Fig. 2 . It features the characteristic proton resonances arising from pyrrole and meso-aryl groups. [24] . The closest distance between the aryl group carbon and the nitro group oxygen of adjacent porphyrins within a column is 3.57(1) Å . The phenyl rings are arranged in an offset fashion between the columns. The closest inter-nuclear distance between the aryl group carbon and the nitro group oxygen between two columns is 3.41(1) Å . The phenyl rings of adjacent porphyrins are offset and the closest distance between the phenyl rings of adjacent columns is 3.90(1) Å , indicating minimal p-p interactions.
A space-filled molecular packing diagram of H 2 T(3,5-DNP)PÁ4C 5 H 5 N is shown in Fig. 5 . The columns are arranged front and back alternately, with a center-to-center distance of about 15.0 Å . There is a solvate-filled channel of about 4.0 Å by 3.6 Å running between the columns. The oxygen atom of the nitro group of one porphyrin faces the center of the phenyl ring of another porphyrin in the adjacent column. The distance between the aryl-nitro oxygen and the adjacent porphyrin aryl-carbon is rather short, 2.89(1) Å . Thus this solid state structure is stabilized by unusual aryl-ONO-C (aryl) intermolecular and van der Waals forces rather than by any strong nitronitro or p-p interactions.
CONCLUSIONS
A new type of metalloporphyrin building block, 5,10,15,20-tetrakis(3,5-dinitrophenyl)porphyrin, has been synthesized and fully characterized. We find that the solid state structure of this porphyrin comprises columnar stacks of the porphyrins with unusual aryl-ONO-C (aryl) intermolecular and van der Waals interactions. A clathrate host/guest complex of four strongly held pyridines per porphyrin is present in the structure. This porphyrin is an important intermediate in the formation of other highly functionalized porphyrins and will prove useful in the synthesis of novel dendrimer complexes for a variety of applications [25, 26] .
SUPPORTING INFORMATION
Crystallographic data on H 2 T(3,5-DNP)PÁ4C 5 H 5 N including atomic positions, bond distances, torsion angles and bond angles (13 pages) and observed and calculated structure factors (10 pages) are available.
